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Abstract 
We have developed highly compact light modules to be used as pixels in multi-view autostereoscopic outdoor displays. Each 
light module consists of three laser diodes, associated monitor photodiodes, a cylindrical microlens, and an electromagnetic 
1D MEMS mirror. The mirror deflects the collimated light beams to the left and right eyes of multiple viewers in a time-
multiplexed manner. By synchronizing the MEMS mirror actuation with the three-dimensional image information, i.e. the laser 
diode driving signals, theoretically up to several thousand autostereoscopic views can be displayed. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2014.  
Keywords: Electromagnetic MEMS mirrors; laser diodes; fast axis collimators; molded interconnect devices; FPGA. 
1. Introduction 
We have developed a prototype of a large-scale autostereoscopic (i.e., glasses-free) multi-view display for 
outdoor applications like signage, advertising, public screening, or traffic guidance [1]. In our system each individual 
pixel of the display—from here on called “trixel”—is capable of sending different image information to different 
angular directions in a time-multiplexed manner. The stereoscopic effect is achieved by synchronizing arrays of 
trixels in order to send two slightly different images to a viewer’s eyes. The human brain combines these two images 
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into a corresponding three-dimensional (3D) model of the observed scene. Since—especially for outdoor 
applications—the viewer’s head is usually in an upright position, the displayed image information has to be 
modulated only in the horizontal direction and can be identical for all vertical viewing angles. The trixels therefore 
need to emit patterns which consist of narrow vertical stripes, where each stripe with a maximum width of the 
average eye distance of 6.3 cm [2] corresponds to a so-called “3D viewing zone”. Adjacent stripes represent the 
image information a viewer perceives with his left and right eye, respectively. These stripe patterns are generated by 
scanning collimated laser beams with an oscillating micro-electro-mechanical systems (MEMS) mirror. In our 
system each individual trixel contains a light source with three laser diodes (LD) and associated monitor photodiodes 
(PD), a common cylindrical microlens, and an electromagnetic 1D MEMS mirror. The cylindrical microlens only 
collimates the laser beams in one spatial dimension, generating the required narrow stripes, which are then deflected 
by the oscillating mirror. By synchronizing the MEMS mirror actuation with the 3D image information, i.e. the laser 
diode driving signals, our trixels can display theoretically up to several thousand of 3D viewing zones. 
Due to the large viewing distance of, e.g., some tens of meters, outdoor displays can have rather large pitches 
between neighboring pixels compared to indoor displays. State-of-the-art large-scale two-dimensional (2D) light 
emitting diode (LED) outdoor displays for example have pixel pitches of 6 mm to 18 mm. In order to achieve a pixel 
pitch as small as possible for our 3D display, we had to develop very compact trixels. The total volume of a trixel is 
0.96 cm³, which to our knowledge is the smallest MEMS-based optical light module with three individually 
controllable laser diodes to date [3]. This enables to achieve a small pitch between neighboring trixels of only 
12 mm [1]. 
This article is organized as follows: The MEMS-based laser light module is introduced in Sec. 2 and Sec. 3 
describes the driving concept of arrays of trixels. 
2. MEMS-based laser light module 
2.1. Integrated laser light source 
Figure 1a shows a scanning electron microscope (SEM) micrograph of the laser light source with three 
individually controllable laser diodes and corresponding monitor photodiodes, which are bonded to a common AlN 
submount. While in our future 3D RGB laser displays three different laser diode chips for red, green, and blue will 
be incorporated, the light modules presented here contain three identical GaAs red laser diodes with a wavelength of 
λ = 635 nm (due to the limited availability of bare dies with respect to green and blue GaN laser diodes). Here, the 
front facets of all three laser diode chips are aligned to the edge of the submount. In future RGB light sources the 
three front facets will be offset with respect to the light propagation direction (x-axis in Figure 1a) in order to 
compensate for the different back focal lengths of the microlens for the three colors. Due to the dispersive lens 
material the back focal length increases with increasing wavelength. The photodiode array is tilted with respect to 
the laser diodes’ back facets in order to avoid detrimental feedback effects of beams reflected by the photodiodes’ 
sensitive areas back into the laser diode waveguides [4]. 
 
 
Fig. 1. (a) Laser light source with three individually controllable laser diodes and corresponding monitor photodiodes; (b) Integrated laser light 
source including a protective dust cap. 
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Fig. 2. (a) Trixel including the integrated laser light source, a MEMS mirror and a common MID substrate; (b) Section of a test pattern projected 
onto a screen. 
Figure 1b shows a photograph of the integrated laser light source including a single plano-convex cylindrical 
microlens which collimates the beams from the light source in only one transverse direction, the so-called “fast 
axis”, which here is equal to the z-axis [5,6]. The submount and the microlens are attached to a common CuW heat 
sink element. The submount including the laser diodes and monitor photodiodes as well as the corresponding bond 
wires are protected by a polymer dust cap. The integrated light source is electrically connected by wire bonds to 
pads on the submount. The prototype of the integrated light source has a volume of only 0.07 cm³, which to our 
knowledge is the smallest light source with three laser diode chips including monitor photodiodes and collimation 
optics to date. 
2.2. The trixel 
A complete trixel including the MEMS mirror, the integrated light source, and a common substrate is depicted in 
Figure 2a. The prototype trixels incorporate quasi-static electromagnetic 1D MEMS mirrors with a circular 
reflective surface with a diameter of 3.1 mm and an optical scanning amplitude of αmax = ±10°. The rotation axis is 
parallel to the y-axis. 
The package is fabricated applying the molded interconnect device (MID) technique. MID substrates are 
manufactured by micro injection molding of thermoplastic or duroplastic materials and can have complex geometric 
shapes. Due to special additives in the MID materials, three-dimensional electronic circuitry can be realized, e.g. by 
an activation of these additives by absorption of laser radiation followed by a subsequent metallization process [7]. 
Since the thermal conductivity of MID materials is very low in general (e.g., k = 0.5 W/(m∙K) for the liquid crystal 
polymer Vectra E840i-LDS), the thermal resistance of the package is reduced by means of clusters of laser-drilled 
thermal micro vias [8]. 
Figure 2b shows a section of a test pattern with the aforementioned vertical stripes. Here, the image information 
displayed in the 3D viewing zones is alternated between red (laser diodes switched on) and black (laser diodes 
switched off). 
3. Driving concept 
Figure 3 shows a block diagram of the driving concept for an array of trixels. The main component is a field-
programmable gate array (FPGA), which generates the driving signals for all laser diodes and MEMS mirrors from a 
3D video input signal.  
All MEMS mirrors are actuated with the same triangular signal at a frequency around fM Ĭ 60 Hz. Image 
information is only displayed during one micromirror movement direction within a time interval of 2/3 TM, while all 
laser diodes are switched off during the flyback duration of 1/3 TM, where TM = 1/fM is the period of the MEMS 
mirror actuation. The analog driving signals for the MEMS mirrors are generated by a digital-to-analog converter 
(DAC) and are subsequently amplified by an operational amplifier (OPA). 
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Fig. 3. Driving concept for an array of trixels. 
The laser diode driving signals are pulse-width modulated (PWM) with a slot duration of tPWM Ĭ 10 ns, i.e. the 
laser brightness control bandwidth is approximately 100 MHz. This fine temporal granularity allows for an 8-bit 
color depth for each of the laser diodes, resulting in a 24-bit color depth of a future RGB laser display. The laser 
current is adjusted via a DAC. The photodiode current analog-to-digital converter (ADC) integrates the photocurrent 
over one period of the MEMS mirror movement 1/fM, and hence measures the mean value in one period for each 
LD/PD pair. A closed-loop feedback mechanism implemented in the FPGA compares the mean value of the 
photocurrent with a set point value.  
We have developed a prototype driver for an array of up to 5 x 4 trixels, i.e. 20 MEMS mirrors and 60 LD/PD 
pairs.  
4. Summary 
We have developed the smallest MEMS-based optical light module with three individually controllable laser 
diodes to date with a total volume of only 0.96 cm³. The module consists of a very compact integrated laser light 
source with three laser diodes, three monitor photodiodes, a common submount, a heat sink, as well as a cylindrical 
microlens with a total volume of only 0.07 cm³. The cylindrical microlens generates beam profiles in the form of 
narrow stripes, which are subsequently scanned by an electromagnetic 1D MEMS mirror in order to display 
autostereoscopic images in theoretically up to several thousands of viewing zones . 
Acknowledgements 
This work has been partly funded by a grant for scientific research, No. 839656 (“3D Laser Display”), from the 
Austrian Research Promotion Agency (FFG). 
References 
[1] J. Reitterer, F. Fidler, F. Saint Julien-Wallsee, G. Schmid, W. Gartner, W. Leeb, U. Schmid, Large-scale autostereoscopic outdoor display, 
Proc. SPIE, 8648 (2013) 86480G-1–86480G-9. 
[2] L. Lipton, Foundations of the Stereoscopic Cinema, Van Nostrand Reinhold, New York, 1982, Chap. 2. 
[3] L. Kilcher, N. Abelé, MEMS-based micro projection system with a 1.5cc optical engine, Proc. SPIE, 8252 (2012) 825204-1–825204-6. 
[4] R. Lang, K. Kobayashi, External Optical Feedback Eơects on Semiconductor Injection Laser Properties, IEEE J. Quantum Electron. 16(3) 
(1980) 347–355. 
[5] V. Sturm, H. Treusch, P. Loosen, Cylindrical microlenses for collimating high-power diode lasers, Proc. SPIE, 3097 (1997) 717–726. 
[6] B. Braunecker, R. Hentschel, and H. Tiziani, Advanced Optics Using Aspherical Elements, SPIE Press, Washington, 2008, Chap. 11. 
[7] J. Franke, Three-Dimensional Molded Interconnect Devices (3D-MID)—Materials, Manufacturing, Assembly, and Applications for Injection 
Molded Circuit Carriers, Carl Hanser Verlag, Munich, 2014. 
[8] J. Reitterer, F. Fidler, F. Saint Julien-Wallsee, M. Barth, W. Eberhardt, U. Keßler, U. Schmid, Analysis of thermal vias in molded 
interconnect devices, Proc. SPIE, 8763 (2013) 87630B-1–87630B-8. 
